Background: Autophagy is a programmed cell survival mechanism that has a key role in both physiologic and pathologic conditions. The relationship between autophagy and cancer is complex because autophagy can act as either a tumour suppressor or as a tumour promoter. The role of autophagy in oral squamous cell carcinoma (OSCC) is controversial. Several studies have claimed that either a high or low expression of autophagy-related proteins was associated with poor prognosis of OSCCs. The aims of the study were to compare autophagy in OSCCs, verrucous hyperplasias, and normal oral mucosas, and to inspect the prognostic role of autophagy in OSCCs.
Autophagy is a highly conserved programmed cell survival mechanism of eukaryotes. It is a dynamic process that consists of multiple steps to remove damaged intracellular proteins and organelles. The key double-membraned organelle, autophagosome, engulfs damaged intracellular contents and subsequently fuses with lysosomal membranes to form autolysosomes. Lysosomal enzymes degrade the engulfed contents of autolysosome to recycle the degraded molecules for cell survival (Mizushima, 2007) . Autophagy is an essential physiological mechanism that maintains cellular homeostasis, particularly under stressful conditions (Kundu and Thompson, 2008) . Recent evidence has suggested that a broad spectrum of diseases shows dysfunctional autophagy (Levine and Kroemer, 2008; Mizushima et al, 2008) .
The role of autophagy in carcinogenesis is complex and not completely understood. Autophagy can act as a tumour suppressor by removing the damaged proteins and organelles, which may generate free radicals to cause genome instability (Shintani and Klionsky, 2004 ). An autophagy-related gene, BECN1, has been proven to be a haploinsufficient tumour suppressor (Qu et al, 2003; Yue et al, 2003) . In addition, autophagy can promote cancer cell survival in an energy-deficient environment (Levine, 2007; Brech et al, 2009) . The relationship between autophagy and the clinical outcomes of cancer patients is controversial. Clinical studies on various cancer types have observed that either low or high expression of autophagy-related proteins was linked to unfavourable prognosis Koukourakis et al, 2010; Nicotra et al, 2010; Wan et al, 2010; Giatromanolaki et al, 2011a, b; Spowart et al, 2012; Won et al, 2012; Choi et al, 2013) . The expression of autophagy-related proteins might be cell type-specific and stagedependent.
Oral squamous cell carcinoma (OSCC) is the sixth most common cancer worldwide (Warnakulasuriya, 2009) . Various studies have claimed that increase or decrease in autophagyrelated proteins is associated with poor prognosis of OSCCs (Kapoor et al, 2012; Tang et al, 2013; Wang et al, 2013) . In addition, autophagy-related protein expression in premalignant lesions and normal tissues has seldom been mentioned. In the present study, we used the autophagosome marker, LC3B, and autophagy flux marker, p62/SQSTM1 (p62) protein, as well as p62 mRNA, to examine autophagy in OSCCs, verrucous hyperplasias, and normal oral mucosas. We also investigated the prognostic significance of autophagy by examining LC3B and p62 expressions in OSCCs.
MATERIALS AND METHODS
Patients and tissue samples. This retrospective study was approved by the Institutional Review Board of St. Martin De Porres Hospital. We collected formalin-fixed, paraffin-embedded tissue blocks from surgical resected specimens of OSCC from the archives of St. Martin De Porres Hospital from January 2003 to December 2008. The inclusion criteria were tumour size X5 mm and first diagnosed primary OSCC. Patients who received preoperative neoadjuvant therapy were excluded from this study. Clinical information and follow-up data were obtained from medical records. The tumour-node-metastasis stage was defined according to the seventh edition of the American Joint Committee on Cancer staging system. Overall survival was defined as the time between surgery and death of all causes. Disease-specific survival was defined as the time between surgery and death caused by OSCC. Recurrence-free survival was defined as the time between surgery and the first local or systemic recurrence.
Because of the field cancerisation of OSCC, we collected tissue blocks of normal oral mucosas and premalignant lesions independent from the cancer tissue. Oral mucosas from nonepithelial lesions, such as inflammation, lymphoid hyperplasia, or mucocele, were selected as the normal oral mucosas. Verrucous hyperplasias were selected as the premalignant lesions. Areas of cauterised artefact were avoided. Regarding the normal oral mucosas and verrucous hyperplasias, tissues containing oral mucosas larger than 5 mm were selected. Patients who presented with a history of OSCC before the surgery were excluded. Clinical information of age and sex of the patients were obtained from medical records.
Pathologic examination. The haematoxylin and eosin-stained slides of each case were reviewed and histologically confirmed by a pathologist. The histologic grade of the OSCC was classified as grade 1 (well-differentiated), grade 2 (moderately differentiated), and grade 3 (poorly differentiated). Necrotic areas constituting more than 10% of the tissue sections were regarded as 'extensive necrosis,' and the other cases were recorded as 'limited or no necrosis.' The presence of cancer cells within lymphovascular channels was reported as lymphovascular invasion.
Tissue microarray construction. Tissue microarray construction was performed as previously described (Kononen et al, 1998) . Briefly, the haematoxylin and eosin-stained slides as well as the corresponding blocks were analysed by a pathologist. Representative areas of each case to be sampled were marked on the slides and blocks. Necrosis and extensive keratinisation areas were avoided. The specimen core selection from tissue blocks of the OSCCs included two 1.5-mm-diameter cores for each case. Because of the small specimens of verrucous hyperplasias and normal oral mucosas, only one 1.5-mm-diameter core for each case was selected. The selected cores were punched and transferred to paraffin-recipient blocks. Consecutive 4-mm-thick sections were produced, and haematoxylin and eosin staining was performed on each recipient block to confirm the presence of the selected zones.
Immunohistochemistry. Immunohistochemical stains were performed on 4-mm-thick sections from the tissue microarray by using the Leica Bond-Max autostainer (Leica Microsystems, Bondbiotech, Taichung, Taiwan) according to the manufacturer's instructions with minor modifications. Sections were deparaffinised using Bond Dewax Solution (Leica Microsystems) and rehydrated using graded alcohol. Heat-induced antigen retrieval was achieved using Bond Epitope Retrieval Solution 1 (Leica Microsystems) for 20 min at 100 1C. The slides were incubated in hydrogen peroxide for 5 min to reduce endogenous peroxidase activity. The slides were then incubated for 30 min at room temperature with mouse monoclonal antibodies against LC3B (1 : 50, clone 5F10, Nanotool, Teningen, Germany) and p62 (1 : 600, monoclonal, ab56416, Abcam, Cambridge, UK). Post-primary IgG linker reagent was applied for 8 min, and the slides were incubated with polymeric horseradish peroxidase IgG reagent for 8 min to localise the primary antibodies. Diaminobenzidine-tetrahydrochloride (DAB) was used as the substrate to detect antigen-antibody binding. Finally, haematoxylin was applied for 5 min to counterstain nuclei.
Evaluation of immunohistochemistry. The intensity, percentage, and sublocalisation of the immunohistochemical staining of each case were recorded. Nerve fibre and normal tonsillar tissue were used as positive controls for LC3B and p62, respectively. Staining omitting the primary antibody was performed as the negative control. The intensity and percentage of positively stained cells in each core were scanned at a low-powered field ( Â 100) and then evaluated at a high-powered field ( Â 400). LC3B staining was presented as cytoplasmic punctae (Ladoire et al, 2012) . The intensity of LC3B punctae was recorded as: 0 to p10 dots per cell, 1-11-20 dots per cell, 2 to 420 dots per cell without dot clusters, and 3 to 420 dots per cell with dot clusters. p62 staining was identified in the cytoplasm and nuclei. The intensity of p62 staining was recorded as 0, 1, 2, and 3 referring to negative, weak, The expression of p62 mRNA was evaluated by bright-field microscopy using the instructions in the RNAscope FFPE Assay Kit. We defined 410 dots per cells in more than 10% of the tumour cells in one high-powered field ( Â 400) as 'high expression'; the others were defined as 'low expression'.
Statistical analysis. Cronbach's a reliability analysis was used to quantify inter-and intraobserver variability of immunohistochemistry. The differences in p62 and LC3B expressions in normal oral mucosas, verrucous hyperplasias, and OSCCs were assessed using the Kruskal-Wallis test followed by Dunn's post hoc test. The correlations of p62 and LC3B expressions were evaluated using Spearman's correlation test and illustrated as scattered plots. The w 2 test or Fisher's exact test was used to evaluate the association of categorical variables. Curves for overall survival and diseasespecific survival were drawn using the Kaplan-Meier method, and the differences in survival rates were compared using log-rank tests. The univariate and multivariate Cox proportion regression models were used to estimate the hazard ratios and 95% confidence intervals for patients' outcomes. All P-values were two-sided. A P-value less than 0.05 was considered statistically significant. Statistical analysis was performed using SPSS Version 19.0 software (SPSS Inc., Armonk, NY, USA) for Windows.
RESULTS

Patient characteristics.
A total of 195 OSCCs, 47 verrucous hyperplasias, and 37 normal oral mucosas were included in this study. The clinical information of all cases is summarised in Table 1 . Among the 195 OSCC patients, 79 patients received postoperative adjuvant therapy: 60 patients treated with radiotherapy and chemotherapy, 16 patients treated with radiotherapy only, and 3 patients treated with chemotherapy only. The clinicopathologic characteristics of OSCC, including age, sex, tumour-node-metastasis stage, histologic grade, status of lymphovascular invasion, and necrosis, were presented in Table 2 .
Inter-and intraobserver variability of immunohistochemistry. The immunohistochemical scoring for LC3B (cytoplasmic punctae) and p62 (cytoplasmic and nuclear) were examined for intraand interobserver variabilities. Two pathologists independently evaluated the results of immunohistochemical staining without knowledge of clinicopathologic data. The interobserver agreement of the two pathologists was high (a ¼ 0.977 and a ¼ 0.965). The intraobserver agreement of the scoring also showed high concordance (a ¼ 0.935). Conflicting results were resolved using a multiheaded microscope.
Comparison of LC3B expression in normal oral mucosas, verrucous hyperplasias, and OSCCs. All of the cases exhibited cytoplasmic LC3B punctae in various proportions of the cells ( Figure 1A ). The normal oral mucosas exhibited limited expression of LC3B punctae. Some verrucous hyperplasias exhibited focal increase in the number of LC3B punctae. The intensity of the punctae was sometimes heterogeneous in OSCCs, even in the same specimen. A proportion of the OSCCs presented a pattern similar to that of the normal oral muocsas, and certain cases exhibited dense clusters of dots. The median Q scores of LC3B were 5, 40, and 80 for the normal oral mucosas, verrucous hyperplasias, and OSCCs, respectively ( Figure 1C ). The differences in Q score between the three groups were statistically significant (Po0.001).
Comparison of p62 protein expression in normal oral mucosas, verrucous hyperplasias, and OSCCs. Most of the normal oral mucosas exhibited moderate nuclear expression and weak cytoplasmic staining. The nuclear staining was predominantly located in the stratum spinosum of stratified squamous epithelia. The oral mucosas of verrucous hyperplasias exhibited variable nuclear and cytoplasmic expressions. We observed that the dysplastic cells at the stratum basale exhibited increased cytoplasmic expression and no nuclear expression. The OSCCs displayed various p62 expression patterns ( Figure 1B) . The medium Q scores of cytoplasmic p62 were 20, 60, and 100 for the normal oral mucosas, verrucous hyperplasias, and OSCCs, respectively ( Figure 1C) . Generally, the cytoplasmic expression in verrucous hyperplasias was stronger than that in normal oral mucosas (P ¼ 0.047). The OSCCs exhibited the highest cytoplasmic p62 expression among the three groups (Po0.001). Although diffuse loss of nuclear expression was observed in some OSCCs, the differences in nuclear expression between the three groups were statistically nonsignificant (P ¼ 0.067; Figure 1C ).
Correlation of LC3B and p62 protein expressions. We performed Spearman's correlation test to examine the relationships of LC3B and p62 expressions in normal oral mucosas, verrucous hyperplasias, and OSCCs (Figure 2) . The relationship between cytoplasmic and nuclear expressions of p62 was modestly positively correlated in normal oral mucosas (rho ¼ 0.660) and verrucous hyperplasias (rho ¼ 0.566) but was negatively correlated in OSCCs (rho ¼ À 0.347). The relationship between LC3B and cytoplasmic p62 expression was positively correlated in OSCCs (rho ¼ 0.382), verrucous hyperplasias (rho ¼ 0.439), and normal oral mucosas (rho ¼ 0.370). The relationship between LC3B and nuclear p62 expressions exhibited weak to no correlation.
p62 mRNA expression in normal oral mucosas, verrucous hyperplasias, and OSCCs. The p62 mRNA expression detected using RNAscope showed no significant difference between normal oral mucosas, verrucous hyperplasias, and OSCCs (P ¼ 0.103; Figure 3A and B). Most of the cases (240 out of 279, 86.02%) exhibited low p62 gene expression. In addition, high expression of p62 mRNA was associated with high expression of p62 protein in the cytoplasm (P ¼ 0.004; Figure 3C ).
Relationships between LC3B and p62 and clinicopathologic characteristics of OSCCs. The relationships between LC3B and p62 and clinicopathologic characteristics of OSCCs are summarised in Table 2 . The median Q score of LC3B of the OSCCs was 80, which was used as a cutoff point. A total of 104 cases (53.33%) were classified as low expression, and 91 cases (46.67%) were classified as high expression. High LC3B expression was associated with male and lymphovascular invasion. The median Q scores of cytoplasmic and nuclear expressions of p62 were 100 and 140, respectively. Using the median score as a cutoff point, 103 cases (52.82%) were classified as low cytoplasmic expression, whereas 92 cases (47.18%) were classified as high cytoplasmic expression. High cytoplasmic expression of p62 was associated with positive lymph node status, advanced stage, high histologic grade, and lymphovascular invasion. The nuclear expression of 123 cases (63.08%) was subgrouped into low expression, and that of 72 cases (36.92%) was subgrouped into high expression. Low nuclear expression (Q score p140) of p62 was related to high histologic grade.
Survival analysis. The mean follow-up time of OSCCs was 47.08 ± 32.37 months. The Kaplan-Meier survival analysis using log-rank tests indicated that low nuclear and high cytoplasmic p62 expressions were associated with poor overall and disease-specific p62 and LC3B in oral cancer BRITISH JOURNAL OF CANCER survival rates. High LC3B expression was related to short diseasespecific survival (Figure 4) . We further combined the immunoexpressions of the LC3B punctae (autophagosome marker) and cytoplasmic p62 (autophagy flux marker) to analyse the role of autophagy at early and advanced stages of OSCCs. According to their expression patterns, we classified the OSCCs into four groups: A, B, C, and D ( Figure 5A ). Group A (low LC3B and low p62) mimicked the basal level of autophagy in normal oral mucosas; Group B (low LC3B and high p62) represented a basal level of autophagy but impaired at late steps of the process; Group C (high LC3B and low p62) represented autophagy activation; and Group D (high LC3B and high p62) represented autophagy activation but impaired at late steps of the process. Regarding stage I and stage II OSCCs, no differences in overall survival (P ¼ 0.501) and disease-specific survival (P ¼ 0.678) were observed among the four groups. Regarding stage III and stage IV OSCCs, Groups B and D, which represented autophagy impairment under basal or activated autophagic activity, exhibited unfavourable overall survival and disease-specific survival compared with Groups A and C ( Figure 5B) .
Tables 3A-C show the results of the univariate and multivariate Cox proportional hazard analyses of clinicopathologic variables for overall survival, disease-specific survival, and recurrence-free survival, respectively. High LC3B and high cytoplasmic p62 were associated with unfavourable survival based on the univariate analysis. Low nuclear p62 expression was related to poor overall and disease-specific survival based on the univariate and multivariate analyses. Neither LC3B nor p62 was related to recurrencefree survival.
DISCUSSION
In this study, we first indicated that the protein expression of p62 and LC3B differed in normal oral mucosas, verrucous hyperplasias, and OSCCs. The results suggested that the autophagic activity was altered during carcinogenesis. Limited LC3B punctae and low cytoplasmic p62 expression in the normal oral mucosas of this study were consistent with the basal level of autophagy in normal cells. A recent research revealed that LC3B immunostaining was . The normal oral mucosa shows limited LC3B punctae (intensity ¼ 0). The verrucous hyperplasia exhibits focal increased in LC3 punctae (intensity ¼ 2). The OSCCs show scanty LC3B punctae (intensity ¼ 1) and marked increased LC3B punctae with dot clusters (intensity ¼ 3). (B) Representative cases of p62 stainings (original magnification Â 400). The normal oral mucosa exhibits low cytoplasmic and high nuclear p62 staining. The verrucous hyperplasia shows increased cytoplasmic p62 staining, and the dysplastic cells of basal layer shows negative nuclear staining. The OSCCs display various cytoplasmic and nuclear staining patterns. (C) Comparision of immunohistochemical Q scores of LC3B and p62 between OSCCs, verrucous hyperplasias, and normal oral mucosas. The medium lines of boxes show the median value, whereas top and bottom lines of boxes represent 75th and 25th percentiles, respectively. The ends of whiskers represent 10th and 90th percentiles. Open circles indicate the outliers. elevated in most human cancer tissues compared with their normal counterparts (Ladoire et al, 2012) . Our findings regarding oral tissue were similar to their results of other types of tissue. However, LC3B staining in the OSCCs can be heterogeneous even in the same specimen. We discovered that high expression of LC3B was associated with poor clinical outcomes of OSCCs. The relationship between cytoplasmic and nuclear expressions of p62 is modestly positively correlated in normal oral mucosas and verrucous hyperplasias but is negatively correlated in OSCCs. The relationship between LC3B and cytoplasmic p62 expression is positively correlated in all three groups. The relationship between LC3B and nuclear p62 expressions exhibits weak to no correlation.
During the process of autophagy, the soluble form LC3-I converts to lipidised form LC3-II, which associates with the membrane of autophagosomes. LC3 comprises three isoforms: LC3A, LC3B, and LC3C. The different functions of LC3 isoforms are not fully clarified. For example, LC3A and LC3B proteins may be increased under different stress conditions, and p62 degradation was involved in both pathways (Zois et al, 2011) . Unlike definite punctate pattern of LC3B, the immunohistochemical staining of LC3A recognized three distinct patterns: diffuse cytoplasmic, cytoplasmic/juxtanuclear, and 'stone-like' pattern . The results were not as straightforward as those of immunoblotting. Some authors claimed that maybe 'stone-like' pattern was associated with autophagy (Giatromanolaki et al, 2011b; Spowart et al, 2012) . In fact, the biological meaning of Figure 4 . The Kaplan-Meier curves for overall survival and disease-specific survival rates according to LC3B and p62 expressions in OSCCs. High LC3B expression is related to short disease-specific survival. Low nuclear and high cytoplasmic p62 expressions are associated with poor overall and disease-specific survival rates.
LC3A patterns has not been entirely elucidated. The expression of LC3C is much lower than that of LC3A and LC3B in all tissues (He et al, 2003) . Thus, our study used LC3B immunohistochemical staining to identify autophagosome formation, although it inevitably missed the increase of other LC3 isoforms, which was a major limitation of our study. A reliable method to detect the dynamic process of autophagy in clinical specimens is unavailable. Immunohistochemistry is the most common method used to analyse autophagy in formalin-fixed, paraffin-embedded tissues. Using high-quality LC3B antibody clone 5F10 achieves maximal sensitivity to detect autophagosome formation (Ladoire et al, 2012; Martinet et al, 2013) . Remarkably, the increase in LC3 punctae, which indicates an increased number of autophagosomes, represents activation of autophagy or suppression of steps after autophagosome formation. Thus, using LC3B staining alone without simultaneously monitoring the autophagy flux to analyse the autophagy activity of OSCCs in a previous study could be problematic .
p62, as a substrate of autophagy, is widely used as a marker to monitor autophagic flux (Mizushima et al, 2010) . The p62 protein expression was controlled by transcriptional regulation and by post-transcriptional autophagic degradation (Puissant et al, 2012) . Our results showed that the level of p62 mRNA is similar in normal oral mucosas, verrucous hyperplasias, and OSCCs, and the transcription was activated in a minority of cases. However, p62 could induct positive feedback loops to stimulate its own transcription (Jain et al, 2010; Ling et al, 2012) . Under certain conditions, autophagy impairment, which leads to accumulation of p62 protein, may also increase the level of p62 mRNA. Therefore, in most of cases, increased p62 protein indicates the impairment of autophagy. We determined that increased expression of cytoplasmic p62 protein was associated with poor prognosis, which was similar to a finding of a recent study (Inui et al, 2013) . In the present study, we further classified the OSCCs into four groups according to the expression patterns of cytoplasmic p62 and LC3B. Our results indicated that high p62 cytoplasmic expression, regardless of LC3B expression, was associated with unfavourable outcomes in advanced OSCCs. The results suggested that autophagy impairment, at either early or late steps of the process, contributes to tumour progression and is associated with unfavourable clinical outcomes in advanced OSCCs. We also observed that early-stage tumours (stages I and II) with functional autophagy, either under a basal or activated condition (Groups A and C), tend to exhibit poor overall survival, compared with tumours with impaired autophagy (Groups B and D); however, the difference was statistically nonsignificant. This observation suggested that functional autophagy might promote tumour progression during the early carcinogenesis. Thus, autophagy may have distinct roles at early and late stages of cancer. Additional studies should be performed to clarify the relationship between autophagy and carcinogenesis in OSCCs. The function of p62 in the nucleus is largely unknown. We discovered that the nuclear p62 expression primarily occurred on differentiated layers, particularly on the stratum spinosum. The dysplastic cells of verrucous hyperplasias exhibited high cytoplasmic expression but no nuclear expression. In addition, loss of nuclear expression was related to high histologic grade of the OSCCs. All of the findings indicate that p62 might have a role in cell differentiation.
Compared with normal oral mucosas and verrucous hyperplasias, the OSCCs exhibited tendencies of loss of nuclear expression and increase in the cytoplasmic accumulation of p62. These characteristics were also associated with poor prognostic factors and poor survival status. Recent studies have stated that the increased cytoplasmic accumulation of p62 was located in neoplastic tissue and linked to poor prognosis of various types of cancers (Kitamura et al, 2006; Inoue et al, 2012; Inui et al, 2013; Luo et al, 2013; Ren et al, 2014) . However, the association of the subcellular localisation of p62 with carcinogenesis has rarely been mentioned. We first indicated that nuclear p62 expression was an independent prognostic factor of OSCCs. p62 is a nucleocytoplasmic shuttling protein and can be found in nuclear promyelocytic leukaemia bodies (Pankiv et al, 2010) . Our data indicated that the cytoplasmic and nuclear expressions of p62 were positively correlated in the normal oral mucosas and verrucous hyperplasias but were negatively correlated in the OSCCs. These findings imply that the nucleocytoplasmic shuttling of p62 might be altered in cancers, and the phenomenon may relate to carcinogenesis.
Another limit of our study was relatively small sample size of verrucous hyperplasia, a precursor lesion to OSCC. The surgical resected specimens of verrucous hyperplasia were generally small for tissue microarray construction. The small specimens usually displayed areas of cauterised artefact, which cause difficulty to interpretate in immunohistochemical studies. In the limited number of verrucous hyperplasias, we disclosed that their expression patterns of LC3B and p62 were between normal oral mucosas and OSCCs. Larger studies regarding the relationships of autophagy and progression of verrucous hyperplasia are necessary.
In conclusion, we examined the different expression patterns of LC3B and p62 in normal oral mucosas, verrucous hyperplasias, and OSCCs. High LC3B expression and altered p62 subcellular localisation were associated with aggressive clinicopathologic features and poor prognosis of OSCCs. The results of this study implied that autophagy impairment contributed to cancer progression in the OSCCs.
